There is no general agreement concerning the action of specific electrolyte disorders and acid-base balance upon concentrations by determining their intracellular/extracellular relationships. Crismon and associates8 could not relate the intracellular potassium concentration to typical electrocardiographic events in hyperkalemia. Bellet, too, could not establish a definite relationship of the electrocardiographic changes to skeletal muscle potassium content.9 He considered, among other possibilities, that differences in the metabolic activity of heart and skeletal muscle were the cause of this lack of correlation. His comparison of intracellular to extracellular potassium concentrations with the electrocardiogram gave no better results than serum potassium concentration alone. Ktihns,10 on the other hand, noted such a relationship in animal experiments. In relating intracellular/extracellular potassium concentrations he used a value termed "cardiac potassium quotient" with a normal range of 25 to 32. Reduction of this quotient was associated with typical hyperkalemic changes, and elevation with typical hypokalemic changes in the electrocardiogram. There was, however, no consistency between the electrocardiographic alterations and absolute potassium or sodium concentrations, intracellular or extracellular. Changes in the autonomic nerve tone and pharmacologic actions of epinephrine, insulin, veratrine, and in particular quinidine, have been noted to simulate electrocardiographic patterns of hypokalemia.9 [11][12][13] It is also well known that pre-existent or concomitant alterations of the ST-T segment caused by heart
IN ELECTROLYTE imbalance the failure of the electrocardiogram to correlate with clinical and laboratory findings may result in both diagnostic and therapeutic dilemmas. Several authors 14 in particular have stressed the lack of conformity of electrocardiographic manifestations with the serum levels of potassium. This disparity has been attributed to the presence of electrocardiographic alterations from other causes or to concomitant abnormalities of other electrolytes. For example, Roberts and Magida5 6 studied the influence of the acid-base balance experimentally and concluded that electrocardiographic changes suggesting hyperkalemia and hypokalemia could be induced respectively by acidosis and alkalosis, and that such alterations were dependent upon the pH rather than the actual serum potassium concentration. Tarail concentrations by determining their intracellular/extracellular relationships. Crismon and associates8 could not relate the intracellular potassium concentration to typical electrocardiographic events in hyperkalemia. Bellet, too, could not establish a definite relationship of the electrocardiographic changes to skeletal muscle potassium content.9 He considered, among other possibilities, that differences in the metabolic activity of heart and skeletal muscle were the cause of this lack of correlation. His comparison of intracellular to extracellular potassium concentrations with the electrocardiogram gave no better results than serum potassium concentration alone. Ktihns,10 on the other hand, noted such a relationship in animal experiments. In relating intracellular/extracellular potassium concentrations he used a value termed "cardiac potassium quotient" with a normal range of 25 to 32. Reduction of this quotient was associated with typical hyperkalemic changes, and elevation with typical hypokalemic changes in the electrocardiogram. There was, however, no consistency between the electrocardiographic alterations and absolute potassium or sodium concentrations, intracellular or extracellular. Changes in the autonomic nerve tone and pharmacologic actions of epinephrine, insulin, veratrine, and in particular quinidine, have been noted to simulate electrocardiographic patterns of hypokalemia.9 [11] [12] [13] It is also well known that pre-existent or concomitant alterations of the ST-T segment caused by heart strain, intraventricular block, digitalis medication, coronary disease, hypotension, and hypoxia may prevent, modify, or simulate changes induced by electrolyte imbalance.9' [14] [15] [16] In view of this multiplicity of factors acting upon the electrocardiogram in conjunction with, or in addition to, the effects of specific electrolyte derangements, an objective study in a diversified hospital population appeared worthwhile in order to gain some idea of the practical value and the limitations of electrocardiographic diagnosis of electrolyte imbalance. In this study special attention was directed to cases in which a correlation could not be made and to an analysis of the factors that conceivably may have contributed to the discrepancy between the chemical and electrocar- diographic findings. Serial electrocardiograms were compared with serial electrolyte determinations in order to gain information concerning the relative diagnostic value of the 2 methods in clinical practice.
MATERIAL AND METHODS
One hundred and thirty-three electrocardiograms and corresponding electrolyte determinations obtained in 48 patients were analyzed. The criteria for inclusion in the study were one or more of the following: (1) The electrocardiogram suggested a disturbance in potassium or calcium metabolism, (2) the laboratory data revealed abnormal potassium or calcium blood levels, and (3) electrolyte imbalance was suspected on clinical grounds. The variety of clinical states included is exemplified in the data presented in the legends to figures 1 to 4.
The electrocardiograms were read by one of us without knowledge of the chemical or clinical findings and tabulated according to the suspected electrolyte derangement and the degree of alterations. Afterwards, the serum potassium, sodium, calcium, sodium/potassium ratio and, when possible, Although we tried to correlate serum electrolytes with the electrocardiogram, we are fully aware that the 2 do not measure the same parameters of ionic balance. A determination of merely the serum electrolyte concentrations cannot represent more than a part in the complex system of intracellular-extracellular relationships. Moreover, Joseph, Engle, and Catchpole27, 28 have recently presented evidence that the ground substance may function as a cationexchange resin with respect to calcium, sodium, and potassium. Thus, another compartment between intracellular and ordinary extracellular spaces may be operative in the ionic exchange system to induce electrocardiographic alterations in the absence of measurable serum electrolyte changes.
The experimental work of several groups of investigators5' 6, 29, 30 implies that changes in the serum pH may produce electrocardiographic alterations suggesting potassium derangement in the face of normal serum potassium concentrations. Our data did not permit definite conclusions in this regard. Although it was true that alkalosis was usually associated with hypokalemia, and acidosis with hyperkalemia, no consistency was found in the type and the severity of the electrocardiographic changes with regard to abnormal pH values. At best the latter approximated the correlation accuracy of the serum potassium concentrations with the electrocardiogram.
Some controversy in the literature in relating pH alterations to the intracellular/extracellular potassium (Ki/Ke) ratios seems to have resulted from the fact that acidosis and alkalosis have been produced experimentally under various and not always comparable conditions.3' In our opinion, changes in the ionic equilibrium resulting from respiratory acidosis or alkalosis may have consequences distinct from those engendered by the production of a metabolic acidosis or alkalosis. Also, insufficient attention has been paid to the differentiation of electrolyte and acid-base disturbances induced in intact and depleted electrolyte states, and in particular in nephrectomized and non-nephrectomized preparations.
From the information at hand31 it appears that the production of alkalosis causes a shift of the potassium into the cell and a decrease in the Ke/Ki ratio while acidosis acts in the opposite direction, and that these alterations will persist as long as the pH remains abnormal. In nephrectomized animals or in the presence of renal disease with acidosis, small increases in the serum potassium concentration may quickly alter the Ke/Ki ratio and thus produce early and typical changes of hyperkalemia. We had relatively little difficulty in diagnosing hypokalemia and hyperkalemia in the face of pre-existing or concomitant electrocardiographic alterations although the typical contour changes were modified to some extent ( fig. 3) . Sharpey-Schafer32 showed that T inversion due to heart strain, in contrast to that caused by myocardial infarction, can transiently be abolished by oral administration of potassium chloride, and Langendorf and Piranil7 were the first to point out that the T-wave configuration in spontaneous hyperkalemia and uremia is the result of a composite effect of several factors acting in opposite direction upon its amplitude and configuration. The combination of S-T elevation caused by uremic pericarditis with hyperkalemic T-wave contour, as illustrated in figure 3 , was recognized previously4' 17, 21 and its reversibility by dialysis demonstrated recently.38 Whereas the modification of typical strain patterns by hyperkalemia are well known, no definite criteria have been established for the electrocardiographic diagnosis of the not infrequent occurrence of hypokalemic changes in the presence of left heart strain ( fig. 3) .
It has been shown experimentally that histologic changes consisting in necrosis, cellular infiltration, and fibrosis can be produced in both skeletal and heart muscle by feeding rats potassium-deficient diets.33 3 In the heart these lesions are initially localized in the subendocardial layers but may later become diffuse; they may be aggravated by sodium feeding. 35 
